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January 31, 2006

To: The President
The President (pro tempore) of the Senate
The Speaker of the House of Representatives

It is my pleasure to forward the Annual Report of the US Arctic Research Commission
for Fiscal Year 2005 as required by the Arctic Research and Policy Act (ARPA) of 1984
(as amended).

Fiscal Year 2005 was another very successful year for the Commission. The actions of
the Commission reflected our increasing interaction with Arctic research entities at the
local, state (Alaska), national, and international levels. The Commission’s autonomous
office in Anchorage, opened in August 2003, continued to facilitate in meeting our
objective of support of research conducted in, and for those who live in, America’s
Arctic.

A summary list of the “Highlights of Commission Activities—FY-05" follows. It briefly
summarizes the Commission’s expanding role as an active and integral force in the
planning and implementation of the nation’s Arctic research and research policies, as
mandated by the ARPA and as articulated by the Interagency Arctic Research Policy
Committee through the National 5-Year Arctic Research Plan.

As Commission Chair, I am both privileged and proud to lead this agency whose
activity and achievements, I submit, belie its small size of seven (part-time)

Commissioners and three full-time staff.

Very respectfully submitted,

George B. Newton, Jr., Chair
U. S. Arctic Research Commission
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Preface

The Arctic Research and Policy Act of 1984 as amended (Public Law 101-609) requires
that the US Arctic Research Commission, which was established by this Act, submit to
the President of the United States and the Congress, not later than 31 January of each
year, a report describing its activities and accomplishments during the immediately
preceding fiscal year. In fulfillment of the provisions of the Act, the Commission
presents the following report for fiscal year 2005 (1 October 2004 through 30 September
2005). For a description of the activities of the Commission in previous years, see its
Annual Reports (Table 1 on inside back cover).
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Highlights of Commission Activities, Fiscal Year 2005

Conducted four public meetings in Durham, NH, Washington, DC, Columbus, OH and
Anchorage AK.

Negotiated the additional release to the public of Arctic Oceanbathymetry collected
by the US Navy nuclear submarines during the period 1993-2000. The data came from 11
cruises covering approximately 25,000 track miles under sea ice.

Conducted a successful and informative field trip to Finland where the Commission;
met with members of Finland’s Parliament; held joint meetings with ministerial,
academic, and private sector Arctic researchers; sailed aboard a Finnish icebreaker in
the northern Baltic; visited Arctic research centers; and co-hosted a reception for
Finnish Arctic leaders at the US Embassy in Helsinki.

Conducted a field visit to Alaska’s North Slope accompanied by an industry
environmental research manager. Commission was exposed to the considerable
custodial methods used by industry to protect the North Slope.

Continued proactive support for US ratification of the Law of the Sea (LOS-82) Treaty,
working with both committees and individual members of the Senate, and various
offices of the Executive Branch.

Wrote the monthly Editorial for Sea Technology magazine in March 2005, addressing the
importance of US ratification of the Law of the Sea Treaty to the United States and its
citizens.

Continued providing counsel to the North Slope Science Initiative (NSSI) as a non-
voting member of the NSSI Oversight Group; worked to ensure appropriate strategic
directions for NSSI and provided counsel on the selection of the members of the NSSI
Science Technical Group.

The Commission Chair and Deputy Executive Director traveled to Panama at the
request of the Panama Canal Authority; briefed the Authority’s Board of Directors and
senior managers on the implications of Arctic climate change on the future of shipping
in the Arctic and the potential implications for traffic through the Panama Canal.
Continued an active and influential role in US involvement in Arctic Council affairs
under the leadership of the State Department. Provided leadership and staff support
for US involvement as a lead country in the Arctic Council’s Arctic Marine Shipping
Assessment (2005-2008), for which the Deputy Director serves as the US point of
contact.

Made invited presentations to the National Research Council study team established
by the Polar Research Board to conduct “An Assessment of Polar Icebreaker Roles and
Future US Needs.”

Completed negotiations, identified funding, and commenced the digitizing of archived
(and classified) Arctic Ocean sound speed profiles collected by US Navy nuclear
submarines during the period 1968-2000. This represents a significant data rescue effort,
which should be released to the general science community in FY 2006.

Participated as a full member of the Governance Board of the Alaska Ocean Observing
System (AOOQOS); led effort to establish an Alaska sea ice subcommittee within AOOS
to address stakeholder and research requirements for sea ice in Alaska’s coastal seas.
Continued to submit recommendations to oversee implementation of improvements to
the Arctic Maritime Safety Information (AMSI) database system. AMSI is the
International Arctic Ocean equivalent to the temperate ocean Notices to Mariners
system, managed by the National Geospatial-Intelligence Agency (NGA). Motivated
the US to propose creation of five new navigation areas (NAVAREAS) in the Arctic
Ocean as part of the Worldwide Navigation Warning System (WWNWS).

Continued leadership of a working group of international experts examining issues
related to ‘Scaling in Arctic Terrestrial Systems.’



Participated with two presentations and assisted in shaping the agenda for the
International Arctic Shipping Conference organized by Lloyd’s List in Helsinki,
Finland 27-29 April 2005.

Participated in the International Scientific Symposium on Climate Change in the
Arctic in Reykjavik, Iceland 9-12 November 2004.

Oversaw the final, formal release of updated position information derived from the
Submarine Ice Exercise (SCICEX) cruises conducted aboard USS Hawkbill in 1998 and
1999. These data will substantially improve the bathymetry/hydrography data
collected during the two cruises.

At the request of Japan, participated in the International Northern Sea Route
Conference 28 June-1 July 2005 in Tokyo hosted by the Ocean Policy Research
Foundation.

Continued liaison with Canada and Denmark in efforts to acquire US bathymetry data
of the Arctic Ocean for use in preparing each nation’s claim to extend the outer limits of
their continental shelf, as authorized under Article 76 of the LOS Treaty.

Enabled the declassification and release of previously classified post-World War 11,
permafrost research, requested by a Professor Emeritus, thus allowing its publication
and release to the science community.

Participated as a charter member of an interagency working group on integrated Bering
Sea research; worked to draft a future research strategy for the Bering Sea in response
to regional climate change.

Undertook co-sponsorship of the eighth annual workshop on “Alaska Port
Engineering,” held at the University of Alaska, Anchorage, in January 2005.
Participated as a member of the North Pacific Research Board.

Participated in the 2005 conference of the Standing Committee on Parliamentarians of
the Arctic Region held in Washington, DC.

Supported the development of the Arctic Council's 'Arctic Marine Strategic Plan.’



Major Research Priorities

During Fiscal Year 2005, USARC published its biennial Report on Goals and Objectives for
Arctic Research, which is required by The Arctic Research and Policy Act of 1989 (as
amended). The 2005 edition contains five major research priorities.

Studies of the Arctic Region and Global Change: The Arctic Research Commission
supports the growth of the Interagency SEARCH program into a fully developed
program with a common research agenda and an integrated budget approach. It also
encourages US researchers to collaborate and coordinate with international colleagues. In
addition, the Commission recommends an international program to promote the
recovery and / or re-establishment of the most important hydrometeorological monitoring
stations for systematic detection of contemporary and future environmental change.

Studies of the Bering Sea Region: The Commission encourages planning activities of
the North Pacific Research Board and the Arctic-Yukon-Kuskokwim Sustainable Salmon
Initiative (AYKSSI) related to the Bering Sea and its watershed and recommends a
Bering Sea Ecosystem Summit. It also supports immediate expansion of joint Russian-
US research to include annual research cruises and appropriate support for related
research both within NOAA and through extramural funding paths.

Research on Health of Arctic Residents: The Arctic Research Commission supports the
implementation of the third focused, interagency program to coordinate and emphasize
research on health concerns in the Arctic and to build links to the health research
programs of other Arctic nations. It also supports the continuation and expansion of the
NIOSH program for reduction of injury and death in Alaska’s important industries.

Research on Civil Infrastructure: The Commission recommends continuing support for
the US Army Cold Regions Research and Engineering Laboratory and encourages their
participation in infrastructure research in Alaska. It also recommends the
implementation of the recommendations in the Report on Climate Change, Permafrost and
Impacts on Civil Infrastructure. In addition, the Commission recommends that the
Department of the Interior and the National Geospatial-Intelligence Agency take steps to
acquire and make available precise geospatial data for maps of the US Arctic.

Natural Resources: The Arctic Research Commission recommends that Federal agencies
immediately commence a comprehensive program of research on oil in ice based on the
Commission’s Special Report, Advancing Oil Spill Response in Ice-Covered Waters. It also
recommends that the affected agencies include new research funding in their requests for
re-authorization of OPA 90.






Background

The main purposes of the Arctic Research and Policy Act as amended (Public Law 101-
609, see Appendix B) are:

1) to establish national policy, priorities and goals and to provide a Federal
program plan for basic and applied scientific research with respect to the Arctic
including naturals resources and materials, physical, biological and health
sciences, and social and behavioral sciences

2) to establish a US Arctic Research Commission to promote Arctic research and to
recommend Arctic research policy

3) to designate the National Science Foundation as the lead agency responsible for
implementing the Arctic research policy

4) to establish the Interagency Arctic Research Policy Committee (IARPC) to develop
a national Arctic research policy and a five-year plan to implement that policy.

The Arctic Research and Policy Act of 1984 was amended in November, 1990 to
increase the number of Commissioners appointed by the President of the United States
from five to seven voting members. Four members are from academic or research
institutions; two members from private industry undertaking resource development in
the Arctic; and one member from among the indigenous residents of the US Arctic. The
Director of the National Science Foundation serves as an ex officio member.

The Commission staff consists of an executive director in Arlington, Virginia; the Deputy
Executive Director and Alaska Office Director in Anchorage, Alaska; an administrative
officer, and a secretary in the Arlington office. The Alaska regional office of the
Commission is located in Anchorage.

The Commission holds business meetings and conducts public hearings in Alaska and
elsewhere to receive input, and makes site visits and field trips to research facilities and
projects throughout the Arctic. It publishes an annual report and co-sponsors a
publication with the Interagency Arctic Research Policy Committee, the Arctic Research of
the United States. Major recommendations of the Commission on Arctic research policy,
program priorities, and coordination efforts are published on page 7 of this publication,
as well as in letters to appropriate agencies.

Funds for the operation of the Commission are appropriated by the Congress in the
National Science Foundation budget and expended by the Commission with
administrative support from the General Services Administration. The budget in FY 2005
was $1,190,000.
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Response to Mandate, Fiscal Year 2005

For the effective accomplishment of its mandated duties, the Commission must identify
problems, needs, and make recommendations on basic and applied Arctic research.
Most of the issues to be addressed emerge from public meetings regularly held in Alaska,
Washington, D.C, and from field visits to relevant sites in the Arctic and institutions
conducting Arctic research.

Meetings during Fiscal Year 2005:

October 5-7, 2004, 73rd Meeting, Durham, NH

January 18-19, 2005, 74th Meeting, Washington, DC

March 3-4, 2005, 75th Meeting, Columbus, OH

June 9-10, 2004, 76th Meeting, Anchorage AK

The summary of Fiscal Year 2005 Commission meetings are provided in Appendix A.
Appendix B is a list of other meetings attended by Commission members and staff.
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Appendix A: Summary of Commission Meetings
Fiscal Year 2005

73rd Meeting, 5-7 October 2004
University of New Hampshire
Complex Systems Research Center
Institute for the Study of Earth, Oceans, & Space
Durham, NH

In attendance:

Commissioners

Mr. George Newton, Chairman Dr. Thomas C. Royer
Mrs. Michele Longo Eder Dr. Susan Sugai
Mrs. Mary Jane Fate Mr. Mead Treadwell

Staff

Dr. Garrett Brass, Executive Director Mrs. Kay Brown, Administrative Officer
Dr. Lawson Brigham, Deputy Executive Ms. Kathy Farrow, Staff
Director and Alaska Office Director

Attendees

Berrien Moore, Director, Institute for the Study of Earth, Oceans and Space; Charles
Vorosmarty, Director of the UNH Complex Systems Research Center (CSRC) and Water
Systems Analysis Group (WSAG); Matt Stubbs, consultant, US Arctic Research Commission,
Mark Fahnestock, UNH Complex Systems Research Center; David Bartlett, Associate Director,
Institute for the Study of Earth, Oceans and Space; Darlene Dube, UNH Complex Systems
Research Center (CSRC); Lawrence Hamilton, UNH sociology department; Igor Shiklomanov,
State Hydrological Institute, Russia; Peter Johnson, Canadian Polar Commission, Ann
Brengle, New Bedford Whaling Museum; Bruce L. Mallory, UNH Provost
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Wednesday, October 5, 2004

New Commissioners Michele Longo Eder and Thomas C. Royer were installed at the 73rd US
Arctic Research Commission (USARC) replacing retiring members John Hobbie and Jack
Roderick.

Commissioner Michele Longo Eder, attorney, whose practice includes an emphasis in marine
and fisheries law, has for the past 25 years lived on the Oregon coast representing family-
owned commercial fishing businesses. Eder frequently appears before state and Federal
regulatory agencies regarding commercial fishing issues.

In partnership with her husband, Bob Eder, she owns the F/V Michele Ann, a 66-foot steel
vessel based in Newport, Oregon. In addition to fishing for Dungeness Crab and Sablefish, the
vessel engages in collaborative fisheries research with state and Federal agencies, such as
National Marine Fisheries Service and the Oregon Department of Fish and Wildlife, as well
as with scientists at the University of California at Santa Cruz, and the Oregon State
University.

She is also President of Eder Fish Company, and as a wholesale fish dealer, sells the family's
crab and sablefish catch to domestic and foreign buyers. Active in her community, she has
served on the Board of Directors or President of a number of groups, primarily those that
provide services to children and families, including the Newport Fishermen's Wives, the
YMCA, and the Newport Library Foundation. Currently, Michele is authoring a book entitled
It's Not Fish Ye're Buying, It's Men's Lives, a journal of a fisherman's wife.

After graduating from Texas A&M University and accepting a an assistant professor position at
the University of Alaska, Commissioner Thomas C. Royer has focused his work on measuring
long waves (tsunamis) in the North Pacific and hydrography. For over 34 years, he has
conducted measurements of hydrography in the NE Pacific, from Alaska to Hawaii, during all
seasons of the year. This work led to the discovery of a significant coastal current along the
coast of Alaska that is driven by freshwater discharge. This finding provided a reasonable
prediction of the trajectory of the oil released during the 1989 EXXON Valdez oil spill.

While at the University of Alaska, he served as the Chancellor's Faculty Associate for
Research in 1992-93, administering the research activities at that campus. He was awarded
the Edith Bullock for excellence in service to the University of Alaska. He has served on the
National Research Council (NRC) and several review committees. Presently he is the chair of
the NRC committee that reviews the science plan for research and restoration of the western
Alaska salmon.

Royer is presently a Slover Professor of Oceanography at Old Dominion University. He has
pursued his interest in coastal and deep ocean processes in the North Pacific and continuing his
research there and in the Chesapeake Bay. Royer is working on freshwater discharge budgets
into the ocean and global sea level analyses.

Earth, Oceans and Space Study

Following introductions by other Commissioners in attendance, Berrien Moore, III, Director,
Institute for the Study of Earth, Oceans and Space (EOS), familiarized Commissioners with
the Institute, located on the University of New Hampshire (UNH) campus in Durham. The
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alliance between UNH and EOS began in the late 1950s spawned and preserves an active
program developing instruments for space missions including several Pioneer and Voyager
exercises and the Solar Max mission.

Between 1990 and 2000, UNH was onmost of the space science missions launched and partnered
with the major universities and laboratories in the USA and Europe. In the early 1990’s,
astronauts aboard the space shuttle Atlantis launched a gamma-ray telescope into orbit, the
largest payload ever taken into space. The Gamma Ray Observatory (GRO) helps astronomers
detect and measure gamma rays, radiation with wavelengths even shorter than X-rays. Other
UNH endeavors during the decade positioned the school for a variety of roles and
applications.

WIND—understanding the sun-earth connection

SOHO—part of a large, international team that built the Charge, Element and Isotope
Analysis System

FAST—particle acceleration into the Earth’s aurora

POLAR—understanding the sun-earth connection

EQUATOR-S—Ilooked at the magnetosphere out to distances of 65,000 km

CLUSTER II—built the Ion Composition and Distribution Function (CODIF) analyzer
instrument for CLUSER II—the original Cluster experiment was destroyed when the Ariane-5
rocket exploded 61 seconds after lift-off in 1996.

ACE—built the energetic particle charge analyzer (sepica) sensor flown on ACE that provided
fundamental information not only about Sun-Earth interactionsbut also about the internal
working of the sun itself.

The involvement of students in every scientific pursuit is a prerequisite at UNH. Their
contributions have played an important role in research programs on land, water or in the air.
These projects include use of air balloons to study clouds and measure winds, ozone levels and
pollution throughout the world.

Complex Systems Research Center
Charles Vorosmarty, Director of the UNH Complex Systems Research Center (CSRC) and
Water Systems Analysis Group (WSAG), outlined his department’s mission to
* study and better understand the major biogeochemical cycles of the Earth system
* uncover to role of humans in the Earth system and to assess key impacts
* support sound policy formulation and environmental management
* educate the next generation of Earth system scientists

CSRC’s 15 faculty, 16 full-time graduate students and 35 full and part-time technical staff are
involved in field observations and experiments, remote sensing and geospatial analysis,
modeling and data integration, assessment and synthesis, data serving to the community and
outreach. Their work is supported by $10.9M in extramural research grants.

Specifically, CSRC is currently involved insite-scale field experiments measuring CO, and
atmospheric trace gas emissions to begin to infer, for example, how quickly nitrogen is cycling in
the soils. Increasing levels of nitrogen have potential impact on landscape that is cascading
down through river systems to the coastal zones of the world. This has very important
potential influence on, for example, the health of fisheries based on the kinds of chemistry
that emanates from the landscapes.

A related topic of study is the distribution of carbon that has potential for carbon sequestration
and the byproducts of trying to sequester carbon. For example, while managing for carbon,
researchers are simultaneously increasing the nitrous oxide fluxes, this trace gas of nitrogen, as
the byproduct of trying to sequester carbon. CSRC is looking at interactions across elements in
order to better understand the true environment.
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The Water System Analysis Group from the CSRC is interested in filling in emerging gaps in
the understanding of land surface hydrography. Across the globe there’s been a net decline in
the capacity to monitor stream discharge. A NASA working group on surface waters is
attempting to target candidate sites around the country, generally rivers, to determine their
discharge regimes. These sites would be identified by their widths, heights and slopes through
orbital analysis. Even though the US does a relatively good job at stream gauging, in Africa,
there hasbeen a 90 percent decline in the reported data archives over the last 10 years. So this
becomes very important in order to understand the hydrosphere elsewhere.

CSRC has instituted a teacher and student education/outreach program, a so-called forest
watch, providing students from a consortium of schools with real hands-on experiential
research. In one case, students looked at the health of White Pine needles. At the same time,
they studied levels of ozone looking at laboratory and student collected data at UNH. The
desired outcome was to piece together this very interesting inverse relationship between ozone
and the health of needles.

For many years CSRC has been custodian of the state’s data bank. It has collected tens of
gigabits of data sets, probably hundreds of individual data layers that have been prepared at
very high resolution for state planning agencies. This collection represents the service, outreach
and data service that extends globally, regionally and locally.

Welcome

Provost and Executive Vice President for Academic Affairs, Dr. Bruce L. Mallory, formally
welcomed the Commissioners to the University, and offered a brief overview of the significance
of the ongoing research that is underway at UNH. He recognizes the need for continued R&D
fundingbut was pleased to highlight the resulting work that UNH faculty and research
scientists have been able to accomplish through funds they have obtained.

Arctic Research Budget Reporting

Matthew Stubbs, consultant, US Arctic Research Commission, stated that the current budget
analysis done by the Interagency Arctic Research Policy Committee (IARPC) and Office of
Management Budget (OMB) appears to be conducted on a field observation level; meaning they
track the budget as it occurs. This is the case since most of the primary agencies in IARPC that
spend money on Arctic research are doing so through grant funding that occurs following the
appropriation process. As a result, they’re not sure what they’re spendinguntil the funds are
for the most part already spent.

The Arctic Policy Act calls for the Budget request to be reviewed, analyzed and commented on
by the US Arctic Research Commission (USARC) in a timely manner following the submission
of the President’s Budget to Congress. In order to partially accommodate that, the Office of
Management Budget (OMB) has agreed to do a data call using the current overall Arctic
research budget outline. OMB will also send out a memorandum requesting the timely
submission of this information and provide the budget document itself to all of the IARPC
agencies to collect the information. This budget document format is the same as has been
previously released in the Arctic Research Plan as compiled by Chuck Myers at NSF.

The significant change will be in the timing of this information request. Previously the budget
information was collected well after the money was appropriated and spent. Greater detail
was requested. However this was the extent that OMB was willing to commit to because
agencies have difficulty forecasting how much will be spent in their specific areas of
authority.

16



Chairman George Newton asked whether Stubbsbelieved the wording in the Act is sufficient
to support what is recommended or does the wording of the law need to be changed. Stubbs said
he believed the wording is sufficient to support the OMB data and because of that wording,
OMB is required to have the information in a timely fashion, not after the money has been
spent and appropriated.

Commissioner Mead Treadwell suggested that the process could become useful because the
Commission will have an inside look at the budget. When Commissioners speak to specific
committees in the House and the Senate, the various budget demands would be under the
purview of those particular committees in each house thereby tying the issues together.

Matthew Stubbs submitted a second recommendation, an end of fiscal year IARPC Arctic
Research Program audit. Utilizing a second request to the IARPC agencies at the end of the
fiscal year, the Commission could compile a list of funded programs and research. These
programs would then be checked-off as contributing to each of the Arctic Research Goals.

Stubbsbelieves that in implementing this type of two-step process, with a component of
auditing after the fact, will result in the reporting of a greater level of funds than the amount
that the agencies are pre-reporting as their budget request. He thinks that this alternative
approach returns to the Commission their intended role—to comment on the research that is
being done with the ability to provide adequate financial numbers.

Newton said he would like to have the opportunity to review the information presented and
have an actual discussion in the future. USARC’s charter is to, amongother issues, to insure
efficient use of resources. He recognizes that everyone who manages a program harbors concern
that somebody’s going to say, ‘we canuse it more efficiently and apply it in a different spot’ or
‘if you got the research to work with x why change things.” But he does want to point out that
the Commission’s Goals Report offers specific recommendation for agencies. Now the
Commission has dollar amounts that it can put next to those recommendations and pronounce
the figures sufficient, insufficient, or requires redirection.

Rapid Ice Flow in Greenland
Mark Fahnestock, Complex Systems Research Center, centered his discussion on two regions of
rapid flow in Greenland:
* therelatively stable ice stream in the northeast, which has regions of rapid basal
melting at its onset
* JakobshavnsIsbrae, aka “the fastest glacier in the world,” which has doubled its
speed and discharge in approximately the last five years.

Neither of these features is well reproduced in ice sheet models. Modeling the ice stream is
problematic because of the unusually high rates of basal melting. The rapid changes on
Jakobshavns Isbrae are difficult to reproduce for a number of reasons:

* rapid deformation of ice

* large amount of melt water with access to the bed

* narrow, deep fiord geometry through which the glacier runs—the channel is about as
deep as the Grand Canyon, but much narrower.

Understanding of the Greenland ice sheet is improving dramatically from the observational
side of things. Fahnestock sees significant improvement in researchers’ understanding of what
the ice shapes are doing. Despite that knowledge, when looking at big outlook glaciers, they
seemingly do not possess stable features. Most of the big outlook glaciers being looked at in
detail, using satellite data, show high rates of variability. Many of the mass balance
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measurements that are made on ice shapes are an estimate of how much snowfall and ice flow
are calculated. What is apparent is that the ice flow numbers can vary rapidly.

Predicting the future behavior of these outlet glacier systems, and their impact on the ice
sheet, isnot possible given present knowledge and present modeling approaches. But a system
that is changing rapidly is one that has the potential tobe understood.

Commissioner Mary Jane Fate asked about the impact of variables such as earthquakes and
hot springs, those events occurring under the earth as opposed to above the surface. Fahnestock
indicated that the very rapid changes that are seen in tidewater glacier systems are an ice
dynamic signal. The speed of the ice has changed. The Geophysical Institute in Alaska has
been able to sample enough glaciers to show that there is a significant draw down of glaciers in
the state, occurred at high meters per year rates.

Treadwell wondered about the large new melt ponds on the surface of the Greenland Ice Cap and
whether they have anything to do with glacial stability. Fahnestock is uncertain. The
Greenland Ice Cap is much more closely related to the big glaciers in Alaska because of rapid
surface melting. But is there enough increased melt to destabilize the sheet and explain a factor
or two of increase in speed? Fahnestock thinks it’s a pretty open question. Controlling factors for
a particular glacier such as a summer signal where its velocity increases are different.

Commissioner Thomas Royer asked about any estimates of the total discharge out of the
Greenland. Fahnestock believes the total discharge out of that glacier, as it has doubled,
shows an increase in discharge of between 25 and 35 cubic kilometers of ice a year. If you look at
a hundred year, a 15 am or 18 cm sea level rise, it’s enough to add about four to six percent to that
number from one glacier in five years. That’s a tiny fractionbut it also explains that the
background variability of discharges is substantial ona global scale compared to what has been
seen.

Measuring Arctic Rivers

When Richard Lammers, Water Systems Analysis Group, UNH, looks at the Arctic region, he
sees it notjust from a polar viewpoint, but from a hydrological perspective as well—delivery of
water to the Arctic Ocean and the northern seas, as well as boundaries of the drainage basins.
That land is made up mostly of forests, tundra and grasslands. The bulk of the land area is
actually contributing water to the Arctic Ocean. As a result, hydrologically, they’re very
important.

His focus is the primary water sources located within a domain he refers to as the Pan Arctic
region. The Pan Arctic includes the Ob, Yenisey and Lena rivers in Russia, the Mackenzie and
Nelson rivers in Canada, the Yukon River in Alaska/Canada, the Hudson and Jamesbays in
Canada. Tomonitor river networks, Lammers and his colleagues have developed semi-
automated processes to extract and then help define the basin locations and verify that the
network is actually accurate. This allows them to map out a series of related issues such as
distance to ocean along the river lines. What they’ve been able to do with the network is
capture the full detailed structure of the Pan Arctic.

One of UNH’s river discharge data set objectives is to try and measure as many of the river
discharge gauges in the Pan Arctic region for the full period of record (monthly time steps).
Currently UNH receives data worldwide from more than 5,000 gauges located in very small to
very large drainage basins with short to very long time series. In Russia, placement of the
gauges is based on the actual hydrology where in Canada and the US, they are placed based on
provincial and state boundaries.
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From the mid 1930s through the mid 1980s, the number of gauges monitoring the Pan Arctic
increased. However, throughout the remainder of the 1980s and 1990s, gauges were increasingly
shut down in both Russia and North America—largely Canada, owner of the bulk of the North
America’s gauges. As a result, large amounts of data from Siberia and huge portions of Ontario
were also lost. But these gauges are slowly being reintroduced.

From the data, Lammers can measure the local runoff over the entire Pan Arctic. He can also
then combine this with the river network to take that local runoff and route it downstream to
get an estimate of the river discharge at every section along the stream. He can also determine
the hydrological contribution of major land cover to the ocean with the forest contributing most
heavily, followed by tundra and grassland contributing the least.

In another project, he and his colleagues are trying to put together the full picture of this
hydrological budget over the land, atmosphere and ocean of the large domain known as the
Arctic Rim. The objective of the project’s website at rims.unh.edu is to bring together a variety
of disparate data sets that all focus on this region:

. view those data sets at a variety of time scales, daily, monthly, yearly and spatial
scales of the watershed, sea and continent level
. view some animations of the data sets in a variety of time series

Looking at the real time ornear real time river discharge at daily time sets offers some
understanding of what is occurring in the hydrological cycle. In addition, it will allow for the
design of some models that can provide forewarning on, for example, flooding over the
hydrological cycle or link what is being seen on the land and ocean that has impacts on ocean
currents.

By sorting all of the gauges by the largest drainage area to smallest, if one samples the 10
largest gauges over this domain, one can actually pick up about 72 percent of the drainage area.
Tounderstand what is occurs in the ocean based on what is happening on the land surface, a
combination of real time data is needed and it is coming in rapidly. However, these historical
data sets are needed and gauges need not to be shut down in the future. These long-term gauges
provide a cohesive record of ongoing events to provide a comprehensive picture of the whole
land surface in order to explain atmospheric interactions with the land and how that signals
been filtered through the land to the ocean.

Newton asked Lammers to physically describe a river gauge. Lammers described them in
simplest terms as measuring a base point by putting a yardstick in the water or a permanently
built tube at the side of the river, containing floats, to measure the river as it goes up and down.
Newton suggested that it’s primarily the manpower expense of gathering the information that
has forced these to be shut down. Lammers said in many cases in North America, the gauges
have been automated but there’s still the cost to actually send people out on a regular basis to
gather the data. What can also be learned at these sites is the relationship between the
height of the river relative to its discharge based on how erosion happens, the presence of
sedimentation or erosion of the channel bed, vegetation growing on the side, etc. That takes a
lot of expense, especially if many of these gauges are in a very hostile environment in the far
north. By far, however, most of the gauges are in the south, near population centers.
Vorosmarty added that the average cost of the USGS program comes out something on the order
of $10,000 per station per year. But the Alaskan sites are something on the order of about
$20,000 per year. Hence the closure of the gauge at Pilot Station was a temporary cost saving
measure.

Treadwell said that his and the State Department’s challenge is to ask scientists to agree and
determine a desirable dollar amount based on the need for continued gauging of the river, a
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projected scientific loss without these measurements and the amount of work left to be
accomplished. Lammers said that the priority should be to keep the longest running gauges
active. The second priority would be to measure the 25 percent of rivers that have not yet been
reached.

The group discussed the need to craft a particular strategy or statement that would commit the
Arctic nations to participate in continued gauging and entice the US Congress to do the same. It
would also make clear an accountability requirement that could later hold participants’ feet to
the fire.

Royer added that equally important to the discharge volume is its phasing especially with
regard to ecosystems. This information can have a very strong influence on fisheries. Lammers
agreed to the importance of this data and that it is currently being collected in addition to data
regarding river temperature, ice conditions, etc.

Fate expressed concern about the winter drainage, its cleanliness and how’s it’s monitored. In
addition, she has witnessed other, smaller rivers that have been shut down.

Interpreting Ice Core Records for Arctic Climate Change

Cameron Wake, Climate Change Research Center, UNH, discussed the University’s work in
trying to develop an array of Arctic ice cores to better understand change on a regional scale.
The GISP cores (Greenland) provided the “big picture” but there is a need for more coring in
various areas in order to understand that climate change throughout the Arctic region. UNH is
moving away from simply collecting records that convey generalizations toward actually
calibrating them for temperature and precipitation to measure changes in the climate system.
The expectation is to eventually determine ocean productivity from ice cores. However, the ice
core data alone won’t provide all of the information needed to develop a composite picture of
change throughout the Arctic. It will have to be linked with meteorological, tree ring, lake
sediment and marine sediment data to generate a comprehensive picture.

Understanding the spatial variability locally requires establishing arrays of ice cores
throughout the Pan Arctic from different elevations and locations. Fortunately for Wake and
colleagues, ice cores are now much more plentiful throughout the Arctic than before thanks to
the research activities of a number of countries including Canada, Japan, Germany, France and
Greenland. By developing this spatial network of ice cores, Wake hopes they will allow
further understanding changes in the North Atlantic Oscillation, North Pacific Oscillation,
the Aleutian low over time and how those have responded to events such as the little ice age
including answering the question, “what kind of change happens here during those periods?”
By studying these changes, along with different forcing factors, Wake believes scientists will
learn how those events might inform future change in this region.

The ice cores also impart information related to the previous Arctic temperatures based on

* location of various species of seal bones

* sea ice over time by the established sea salt sodium record

* annual sulfate flux on various glaciers that historically correspond with the beginning of
sulfate deposition right around 1900 and the industrial revolution from the burning of fossil
fuels.

Some ice cores yield up to tens of thousands of years of records. UNH is able to better calibrate
records because it can definitely identify very specific annual layers. It has time horizons

provided by volcanoes or nuclear weapons testing in the atmosphere.

The next place Wake is interested in exploring is Denali. However funding, transportation and
equipment access and US Park Service buy-in has delayed that possibility. It's going to affect
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the science that canbe done because of the inability to get the money that is needed to continue
these programs.

Freshwater Initiative (FWI)

Charles Vorosmarty described a $30 million, five-year program consolidated under the NSF-
Arctic System Science (ARCSS) program at UNH to study the freshwater hydrologic cycle
called the Freshwater Initiative. It is currently underway under the direction of Larry
Hinzman and Vérésmarty, co-chairs of the NSF, ARCSS, Community-wide Hydrological
Analysis and Monitoring Program (CHAMP), and Jonathan Pundsack, Executive Director of the
Freshwater Initiative. It was designed to consolidate a workshop that would lend strategic
advice to the NSF on investments for hydrologic research in the Arctic. It involves 35national
and international interdisciplinary researchers.

Water is absolutely central to all the earth systems including the Arctic system. It figures
prominently in the atmospheric dynamics, terrestrial ecosystems regulating biogeochemistry,
regulating carbon fluxes and productivity, the cryosphere, the ice sheets and, of course,
hydrology itself. So it becomes important in looking at the issue of climate change. It’s also
important in terms of understanding patterns of natural variability and alternatively human
vulnerability in the Arctic because of the connections of the Arctic to the larger earth system
society at large.

FWI asks three questions around which the research is consolidated.

1. Isthe hydrological cycle of the Arctic intensifying? This issue is affiliated with the
greenhouse-warming question and whether patterns of weather are becoming more
extreme.

2. If so, why? This question gets to the heart of the matter. If one goes to the trouble of
figuring out how much water there is, then a comprehensive analysis and results are
reasonably expected.

3. What are the implications both in terms of the larger earth system? Can feedback and
thresholds and surprises in the earth system be seen? Ultimately what does this mean
for society and what are the human implications? Is there some policy relevance?

In trying to answer these questions, researchers took into account atmospheric boundary fluxes
and the atmospheric dynamics, land service atmosphere exchange, changes in glacial mass
balance and runoff, dynamics of sea ice, discharge through river networks that are well
organized and runoff over poorly organized low inflow systems. They identified direct ground
water inputs into the Arctic Ocean. They reviewed Arctic Ocean dynamics in general and the
linkage to deep-water formations in the North Atlant